Background Although the non-operative management of closed humeral midshaft fractures has been advocated for years, the increasing popularity of operative intervention has left the optimal treatment choice unclear.
showed significantly greater shoulder abduction strength (p = 0.036), elbow flexion strength (p = 0.021), functional hand positioning (p = 0.008) and return to recreational activities (p = 0.043) after 6 weeks, no statistically significant differences existed in any outcome measure at the 1-year follow-up. Conclusions Our findings indicate that the non-operative management of humeral midshaft fractures can be expected to have similar functional outcomes and patient satisfaction at 1 year, despite an early benefit to operative treatment. If no radiological evidence of fracture healing exists in nonoperatively treated patients during early follow-up, a switch to surgical treatment results in good functional outcomes and patient satisfaction.
Introduction
Fractures of the humerus account for approximately 5-7% of all fractures [1, 2] . The relative incidences of the proximal, diaphyseal and distal humeral fractures are approximately 40, 20 and 40%, respectively [1, 3, 4] . Similar to proximal and distal humeral fractures [5] [6] [7] [8] , the management of diaphyseal (midshaft) humeral fractures has also been a lively topic of debate.
While closed humeral midshaft fractures can be managed non-operatively with reported union rates as high as 94% [9] , the operative management of these fractures has become popular over the last two decades [10, 11] . In particular, non-operatively treated transverse and short oblique midshaft fractures have been associated with delayed union in reference works [12, 13] . These fracture subtypes are, therefore, considered to benefit from a surgical treatment. Nonetheless, consensus regarding the optimal treatment of oblique, transverse and bending wedge fractures of the humeral midshaft is lacking.
Proponents of operative fixation believe that immediate stable fixation of the humerus allows for a rapid return to normal function and more predictable alignment and fracture healing. However, those who argue in favour of non-operative approaches cite the increased risks of operation, including infections and radial nerve injuries. Despite these important contentious issues, the number of comparative studies evaluating alternative approaches in the management of humeral midshaft fractures is scarce. In fact, to our knowledge, no prospective cohort study comparing non-operative and operative treatment for humeral midshaft fractures has been published to date.
The aim of this prospective study was to compare the outcomes of operative and non-operative treatment techniques applied to oblique, transverse and bending wedge fractures of the humeral midshaft. Based on the previous literature, we hypothesised that non-operative management would result in comparable treatment outcomes to operative treatment at 1 year [14] [15] [16] .
Methods
From October 2000 to May 2004, a prospective multicentre comparative cohort study was conducted across 20 rural and referral university trauma centres situated in Switzerland (18) , Austria (1) and Hungary (1) . Although this study initially begun as a randomised controlled study, the study design had to be adjusted to a non-randomised prospective comparative study because of difficulties experienced in the treatment allocation process. The number of treating physicians at each centre varied from one to four. Patients with a traumatic closed humeral midshaft fracture (transverse or short oblique) were included and treated nonoperatively or operatively according to the physician's decision. Radiographic and functional status data were prospectively collected during initial hospital admission and 6, 12 and 52 weeks after the injury. The study protocol was approved by the local ethics committees and the subjects gave their written informed consent before participating in the study. The study was conducted according to the principles of good clinical practice and the Declaration of Helsinki [17] .
Patient eligibility
Eligible patients were included in the study when they met the following criteria: (1) diagnosed with a traumatic humeral midshaft fracture classified as AO type 12 A2, 12 A3 or 12 B2 based on conventional anteroposterior and lateral radiographs [18] ; (2) over 16 years of age and in full possession of their mental faculties; (3) 7 days or less between injury and the start of treatment; (4) likely or could guarantee to be available for follow-up visits up to the end of the study; and (5) gave written informed consent. Patients with the following condition were excluded: (1) soft tissue injury: open fracture type Gustilo-Anderson Type II or higher [19] ; (2) pre-existing humeral pseudarthrosis; (3) pathological fracture and/or re-fracture; (4) additional proximal or distal humeral fracture; (5) patients with pre-existing medical conditions that would predictably have a negative prognostic effect on treatment outcomes (e.g. congenital bone and connective tissue disorders, any type of cancer, neurological disorders etc.); and (6) bilateral humeral shaft fracture.
Management
Since a non-randomised study design was applied, it was up to the treating physician to determine the treatment of choice, i.e. non-operative or operative treatment. Nonoperative treatment consisted of an initial temporary brace of choice until the reduction of local post-traumatic swelling. Once the reduction of swollen soft tissue was acceptable according to the treating physician, a functional brace analogous to the Sarmiento principle was placed [20] . As multiple factors potentially influence the timing of fracture healing, the duration of non-operative treatment was not standardised [21] . The number of outpatient physiotherapy visits was also not standardised. Instead, the presence of preexisting co-morbidities was documented and the number of physiotherapist visits was applied as a descriptive outcome measure. Patients' adherence to the non-operative treatment protocol was not quantitatively assessed.
Operative treatment consisted of a retrograde placed locked unreamed intramedullary humeral nail (UHN). A small amount of eligible patients were treated with antegrade placed locked UHN or plate fixation; however, these were not included in the analysis (Fig. 1) . In order to achieve a homogeneous cohort, only patients treated with a retrograde placed locked UHN were included in the analysis. The retrograde intramedullary nailing procedure was standardised and performed according to the AO principles of fracture management [22] . The duration of surgery was recorded for each patient and the use of post-operative immobilisation was not standardised.
Outcome assessment
The outcomes for operative and non-operative treatment were assessed after 6, 12 and 52 weeks (Fig. 1) . The primary outcome of this study was fracture healing after 1 year. Fracture healing was defined as the presence of three or four cortices of the humerus with callus formation as shown on lateral and anteroposterior radiographs [23] . The presence or absence of fracture healing was determined by the treating specialist.
Secondary outcomes included sub-items of the Constant score, general patient satisfaction, complications and costeffectiveness parameters. Functional outcomes for operative and non-operative treatment were assessed using the Constant scoring system [24] . This system has been shown to have excellent reliability and responsiveness, and has been adopted by the European Society for Shoulder and Elbow Surgery (ESSES) [25] . This scoring system consists of four variables that are used to assess the function of the shoulder. The right and left shoulders are assessed separately. It consists of two physician-assessed variables (range of motion [ROM] and strength) and two patient-reported variables (pain and activities in daily living [ADL], including sleep, work, recreation/sport) [24] . The two physician-assessed variables were completed by the treating physician. The ROM was examined according to the AO Neutral-0 method [26] . We present each Constant score category separately rather than as an aggregate score in order to enable possible specific differences in operative and non-operative treatments to be studied. Additionally, the strength and ROM of the ipsilateral and contralateral elbows were also assessed by applying the same principles as the shoulder examination.
Complications and cost-effectiveness parameters including the duration of hospital admission and the number of outpatient physiotherapy visits were reported prospectively. Patients' overall treatment satisfaction was assessed with the use of the visual analogue scale (VAS). In addition, patients' satisfaction of the following more specific domains were also assessed: cosmetic appearance, function and pain.
Data analysis
Statistical analyses were performed using STATA, version 10.0 (Stata Corporation, College Station, Texas, USA). All data processing and analyses were conducted independently of the participating physicians. We summarised continuous data with means, medians, ranges and standard deviations (SDs). If the data were skewed, we presented median values for both groups. The two groups were compared with regards to continuous and categorical outcomes using the non-parametric Mann-Whitney U-test and Fisher's exact test, respectively. Ordered categories were analysed with the Mann-Whitney U-test.
Comparison of continuous outcomes (e.g. ROM parameters) between the injured and the contralateral uninjured side at each follow-up examination was implemented using the Wilcoxon signed-rank test (paired data). The longitudinal data were compared using analysis of variance (ANOVA) for repeated measures, adjusted for putative confounding baseline demographics and clinical characteristics as specified at each separately presented adjusted ANOVA analysis. All tests were two-tailed and we considered the conventional level of statistical significance as p \ 0.05.
Results
During a 4-year period, 47 patients with humeral midshaft fractures in 20 hospitals were included in the study (Fig. 1) . A summary of the baseline demographics and clinical characteristics of the study groups is presented in Table 1 . The mean patient age at the time of injury was 52.7 years (range 17-86 years). Of the 47 humeral midshaft fractures, 14 were treated non-operatively and 33 were treated operatively. The most common fracture pattern was AO type 12 A3 (47%). Seven patients had additional long bone fractures, six of whom were treated operatively. Two operatively treated patients had a Gustilo-Anderson Type I open fracture.
Four of the 14 non-operatively treated patients switched to operative treatment during follow-up. Due to low treatment compliance, one 85-year-old female patient preferred surgical treatment 2 days after the start of nonoperative treatment (Fig. 1) . The intention-to-treat principle was applied to all of these four patients. The overall follow-up at 12 months was 81%. In the non-operative group, 11 out of 14 patients completed 1 year of follow-up (79%); in the operative group, this figure was 27 out of 33 (82%).
Fracture healing
In the non-operatively treated patients, 11 (100%) fractures were healed 1 year after the injury. A total of 3 out of 11 non-operatively treated patients showed insufficient callus formation during early follow-up (\8 weeks) and these patients switched to surgical treatment (Fig. 1) . In the operative group, at least 24 fractures in 27 patients (C89%) were healed after 1 year. Despite the presence of callus formation, one patient had no radiographic evidence of stable fracture healing after 1 year. Although this 52-yearold female patient experienced severe pain during followup (VAS score 2), she refused any further treatment. Two other patients did not undergo radiographic assessment after 1 year and, therefore, their fracture healing status could not be determined. (Fig. 2) . However, this difference was no longer evident 1 year after the injury. Relative shoulder abduction strength was significantly greater in operatively treated patients than those treated nonoperatively at 6 weeks post-injury (p = 0.036) (Fig. 3) . Compared to only one out of the non-operatively treated patients (9%), almost 1 in 4 operatively treated patients (24%) already had symmetrical power to their uninjured side at 6 weeks. Strength differences were no longer apparent by 12 weeks and 12 months post-injury.
At the 6-week follow-up, the relative elbow flexion strength was also significantly greater in operatively treated patients than in non-operative patients (p = 0.021) (Fig. 3) . Similarly, strength differences were no longer apparent by 12 weeks and 12 months post-injury. Although there was a tendency towards an increased relative elbow extension strength in operatively treated patients at 6 weeks (p = 0.071, ANOVA), no statistically significant differences between the two cohorts were identified at any follow-up time.
Constant score: pain and ADL At 6 weeks, 3 months and 12 months, no significant differences in shoulder pain across patients treated nonoperatively or operatively were found. In contrast, the ADL hand positioning of the injured extremity was significantly diminished in the non-operative group compared to the operative group at 6 weeks (p = 0.008) (Fig. 4) . At 12 weeks and at 1 year after the injury, however, this difference was no longer evident. Among 38 patients (11 non-operative, 27 operative), 30 (79%) had returned to work without restrictions after 12 months. No statistically significant differences between the two cohorts were identified regarding return to work at any follow-up time. However, operatively treated patients returned to recreation activities earlier than non-operatively treated patients at 6 weeks (p = 0.043, Mann-Whitney U-tests). At 12 weeks and at 1 year, the proportion of patients returning to unrestricted recreational activities were quite similar across the two groups (Fig. 5) .
Complications
No treatment-related complications were reported in the non-operative treatment group. All concomitant radial nerve injuries recovered completely in both the non-operative and operative treatment groups. Six treatment-related complications occurred in 5 of 33 operatively treated patients (15%). A longitudinal fissure developed during insertion of the UHN in one 61-year-old male patient with a closed, isolated 12 A2 fracture. According to the treating physician, the development of the fissure can be attributed to an exceptionally narrow medullar cavity. One other patient showed evidence of rotator cuff injury as confirmed on magnetic resonance imaging (MRI). It was not entirely clear whether the rotator cuff injury was a concomitant traumatic injury or a pre-existing lesion. The UHN was removed 10 months after the initial date of surgery. Another patient experienced discomfort and had a limited ROM of the ipsilateral shoulder 5 months after the injury. MRI did not show evidence of a rotator cuff injury. Consequently, an arthroscopic arthrolysis and an additional subacromial decompression were performed together and the locking screw was removed. In one 61-year-old female patient, a loosening of a distal locking screw was observed after 14 weeks and successful fracture healing. At this moment, the patient also showed a radial nerve palsy at the ipsilateral extremity, resulting in severe functional disability. A reasonable explanation for this (secondary) nerve palsy was not found. More information on this patient is not known because she did not attend the last follow-up. One post-operative superficial wound infection was reported, which was successfully treated with the use of antibiotics alone.
Cost-effectiveness parameters and treatment satisfaction
After adjustments for recorded additional injuries and preexisting medical conditions, there was a statistically nonsignificant tendency towards an increased duration of hospital stay in patients treated operatively (median: 7.3 days, SD: 4.3, range: 6-21 days) compared to patients treated non-operatively (median: 5.2 days, SD: 4.0, range: 5-15 days), p = 0.088. The mean number of outpatient physiotherapy visits were similar across the non-operative and operative groups (12 vs. 13 visits, respectively, p = 0.779, ANOVA).
With the exclusion of ten retired patients (two nonoperative and eight operative), there was no statistically significant difference in the duration of occupational disablement between the two treatment groups (p = 0.697, Fisher's exact test). At the final 12-month follow-up, patients were equally satisfied with their treatment results in both the non-operative and operative groups. In addition, no significant differences were observed in the cosmetic appearance, function and pain satisfaction domains (Table 2) .
Discussion
In this prospective cohort study of 47 patients with humeral midshaft fractures with 81% follow-up to 1 year, we report the following: (1) operative treatment with UHN resulted in greater strength, functional hand positioning and earlier return to recreational activities at 6 weeks; (2) any advantages to operative treatment were no longer apparent at 12 weeks and at 1 year; (3) operative treatment tended to result in longer hospital stays and resulted in more treatment-related complications; (4) if no radiological evidence of fracture healing existed in non-operatively treated patients during early follow-up, a switch to surgical treatment resulted in good functional outcomes and patient satisfaction.
Our findings support non-operative management as a viable contemporary option for the management of even transverse and short oblique closed fractures of the humeral midshaft. Papasoulis et al. [9] recently reviewed the radiographic and functional outcomes of non-operatively Table 2 Patients' overall treatment satisfaction at 1-year follow-up, including specific domains: cosmetic appearance, function and pain with the use of a visual analogue scale (VAS) scale (0 = unsatisfied, 10 = satisfied)
VAS satisfaction
Non-operative group (n = 11) Operative group (n = 26) Mann-Whitney U-test treated humeral shaft fractures. It was concluded that the functional bracing of closed humeral shaft fractures results in high fracture consolidation rates, good functional outcomes and reduced health care expenditures compared to surgical treatment. Moreover, with the choice of functional bracing treatment possible adverse events as a result of operative treatment can be avoided. In this study, six complications related to operative treatment were reported, of which one resulted in permanent physical impairment and two required a re-operation.
Advocates of the surgical treatment of closed humeral midshaft fractures claim that operative stabilisation achieves better alignment of the humeral shaft than nonoperative treatment. Although malalignment, or residual deformity, was not applied as an outcome measure in this study, functional outcomes and the cosmetic appearance of non-operatively treated patients were satisfactory. In a large patient series, Sarmiento et al. [15] reported satisfactory functional and cosmetic outcomes in patients with a residual varus-valgus or anteroposterior angular deformity of more than 10°after the non-operative treatment of humeral shaft fractures. The generally good outcomes with non-operative treatment may be due, in part, to the tolerance of malunion in the arm. Papasoulis et al. [9] summarised that an angular deformity up to 20°is well tolerated by the musculature around the humerus. In addition, the humerus can tolerate up to 2 cm of shortening as a result of over-riding fracture fragments with little functional deficit.
A number of randomised trials comparing various types of operative treatments for diaphyseal fractures of the humerus have been published in the last decade [10, 11, 27, 28] . Unfortunately, no randomised controlled trial comparing non-operative and operative treatment for humeral shaft fractures has been published to date. To our knowledge, this is the first published prospective cohort study comparing non-operative to operative treatment of transverse and short oblique humeral midshaft fractures. Only two retrospective studies comparing functional bracing and operative stabilisation for the treatment of humeral shaft fractures have been published to date. Klestil et al. [29] conducted a retrospective study comparing operative and non-operative management in 63 patients with humeral shaft fractures. Conservative treatment was found to be at least equivalent to, if not better than, the operative option. Comparable conclusions were drawn by Wallny et al. [30] in a retrospective analysis of 89 patients treated with a functional brace or retrograde placed humerus nail.
Given the current level of evidence and the continuing debate over the optimal treatment choice for closed humeral shaft fractures, future randomised trials comparing nonoperative to operative treatments are certainly warranted. However, although the need for randomised clinical trials has been repeatedly expressed, we would like to stress the difficulties that can be faced during their preparation and conduct. Our study was initially begun as a randomised controlled study. It was apparent soon after its start that the majority of collaborating physicians did not adhere to the randomised treatment allocation procedure as they had a strong preference for the surgical treatment option. Consequently, the study design had to be adjusted to a non-randomised prospective comparative study. In future, this treatment preference issue may be solved by applying an alternative study design: the expertise-based randomised controlled trial (EBT) [31] . In an EBT, participants are randomised to clinicians with expertise in one of the specific interventions. Consequently, physicians may be more willing to participate because they only have to perform the procedure which they have developed a preference for and/ or expertise. Nonetheless, one should bear in mind that, in contrast to an elective setting, the implementation of such a study design will not always be feasible in a trauma setting with multiple care providers on different calls.
Despite our switch from a randomised trial into a nonrandomised prospective cohort study, we still experienced difficulties in recruiting a satisfactory number of patients. With 47 traumatic humeral midshaft fracture patients included in 20 centres during a 3.5-year period, this study clearly illustrates that patient recruitment for prospective (randomised) controlled studies remains one of the major challenges in clinical orthopaedic trauma research.
Three non-operatively treated patients showed early radiographic evidence of fracture non-union and were subsequently operated on successfully. In contrast to these findings, Ekholm et al. [32] reported worse functional outcomes after revision surgery for humeral shaft fracture patients with fracture non-union after initial functional bracing treatment. All three early non-union patients in this study were female, older than 50 years of age and had an AO fracture type 12 A2. This is consistent with factors associated with humeral shaft fracture non-union reported in the literature. Fracture non-unions are more likely in non-operatively treated oblique AO type A fractures [9, 33] . Whether patients with this specific type of injury benefit from initial operative stabilisation needs to be clarified in future high-volume research. Although patients' adherence to the non-operative treatment regimen was not recorded in this study, treatment non-compliance may be another explanation for the occurrence of non-unions. Noncompliance to functional bracing and severe obesity have been widely regarded as relative contraindications for nonoperative fracture management.
Our study is strengthened by prospective data collection, a high follow-up rate at 12 months and the use of valid and clinically relevant patient outcome measures. Capturing patient satisfaction with the management approaches is another strength of this study. Although not reported, we also performed ancillary ''as-treated'' analyses in addition to reported ''intention-to-treat'' analyses. However, none of these ancillary analyses showed alterations of (in)significant differences between operatively and non-operatively treated patients with regard to the outcomes under investigation. We are limited, however, by the small sample size that may have left some of our analyses underpowered. Unfortunately, the numbers of ineligible patients have not been recorded in our database. Although the numbers for the study are small, our careful data collection and analysis of outcomes assures the reader that the data we did collect is internally valid and useful for planning future studies. Despite the non-randomised patient selection, the baseline parameters of included patients were remarkably similar in both treatment groups. Besides this, putative confounding factors were recognised and adjusted for by applying ANOVA.
In summary, our findings indicate that the non-operative management of humeral midshaft fractures can be expected to have similar functional outcomes and patient satisfaction at 1 year, despite an early benefit to operative treatment. If no radiological evidence of fracture healing exists in nonoperatively treated patients during early follow-up, a switch to surgical treatment results in good functional outcomes and patient satisfaction.
